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DSSOLFDWLRQV>@7KHRSHUDWLQJSRLQWRID39PRGXOHLVORFDWHGDWWKHLQWHUVHFWLRQRILWV,±9FXUYHZLWKWKHORDG
OLQH7KLVRSHUDWLQJSRLQWPD\EHIDUIURPWKHPD[LPXPSRZHUSRLQW033ZLWKDVXEVHTXHQWORVVRIDVLJQLILFDQW
SDUWRIWKHDYDLODEOHVRODUSRZHU$033WUDFNHULVXVHGWRDFKLHYHRSWLPXPPDWFKLQJEHWZHHQWKH39PRGXOHDQG
WKHORDGFKDUDFWHULVWLFV7KHSHUIRUPDQFHRIYDULRXV0337WHFKQLTXHVZDVFRPSDUHGEHIRUH>@,WLVFRQFOXGHGWKDW
WKH&9WHFKQLTXHLVWKHVLPSOHVW0337WHFKQLTXHDVLWQHHGVRQO\RQHVHQVRUWRPHDVXUHWKHPRGXOHRXWSXWYROWDJH
>±@+RZHYHULWVXIIHUVORZDFFXUDF\DQGLWUHTXLUHVPRUHWKDQRQHVHQVRUWRLQFUHDVHLWVDFFXUDF\1RUPDOO\
WKH&9WHFKQLTXHXVHVDGF±GFFRQYHUWHUSUHFHGHGE\3,FRQWUROOHUZLWKJDLQVKPDQGKi7KH3,FRQWUROOHULVXVHG
WR GHWHUPLQH WKH GXW\ UDWLRd RI WKH GF ± GF FRQYHUWHU E\ UHJXODWLQJ WKH HUURU VLJQDO¨V EHWZHHQPRGXOH RXWSXW
YROWDJHVPVDQGDUHIHUHQFHYROWDJHVref7KHUHIHUHQFHYROWDJHLVDVVXPHGHTXDOWRWKHYROWDJHVmFRUUHVSRQGLQJWR
033DWVWDQGDUGWHVWFRQGLWLRQV67&DVJLYHQLQWKHGDWDVKHHWSURYLGHE\WKHPDQXIDFWXUHURIWKH39PRGXOH>@
7KH VXLWDEOHJDLQVRI WKH3, FRQWUROOHU DUHXVXDOO\ GHWHUPLQHGXVLQJ WLPHFRQVXPLQJ WULDO DQG HUURU 7$( >±@
+RZHYHUV\VWHPDWLFGHWHUPLQDWLRQRIWKHJDLQVRIWKH3,FRQWUROOHUZHUHUHSRUWHGLQWKHOLWHUDWXUHIRUPDQ\UHVHDUFK
DUHDVH[FHSWWKH&9EDVHG0337WHFKQLTXHIRU39DSSOLFDWLRQV>±@
7KXVWKHSXUSRVHRIWKLVSDSHULVWRGHWHUPLQHDFFXUDWHO\WKH3,FRQWUROOHUJDLQVE\JHQHWLFDOJRULWKP*$EDVHG
GHWHUPLQDWLRQPHWKRG WRHQKDQFH WKHDFFXUDF\RI WKH&9 WHFKQLTXH7KHSHUIRUPDQFHRI WKH WUDFNHUZDVFKHFNHG
ZLWKJDLQVGHWHUPLQHGE\*$DJDLQVWWKDWZLWKJDLQVGHWHUPLQHGE\7$(7KXVWKLVVWXG\LVRUJDQL]HGDVIROORZV
6HFWLRQSUHVHQWVSURSRVHG*$GHWHUPLQDWLRQRIJDLQV1H[WWKHWUDFNHUV\VWHPLVGHVFULEHGLQVHFWLRQ$IWHUWKDW
WKHUHVXOWVDQGGLVFXVVLRQDUHSUHVHQWHGLQVHFWLRQ)LQDOO\WKHFRQFOXVLRQVRIWKHVWXG\DUHUHSRUWHGLQVHFWLRQ
3URSRVHG*$GHWHUPLQDWLRQRIWKH3,&RQWUROOHU*DLQV
7KH*$LVEDVHGRQPLQLPL]DWLRQRIWKHILWQHVVIXQFWLRQH[SUHVVHGDV
            

ZKHUH¨VLVWKHGLIIHUHQFHEHWZHHQVPVDQGVref*$RSHUDWHVRQDSRSXODWLRQRIWKH3,FRQWUROOHUJDLQVLQRUGHUWR
FRPSXWHWKHFRUUHVSRQGLQJILWQHVVIXQFWLRQYDOXHIRUHDFKSDLURIKpDQGKi,QRUGHUWRSUHGLFWDSRSXODWLRQIRUQHZ
JHQHUDWLRQIRXUSURFHVVLQJVWHSVQDPHGVFDOLQJVHOHFWLRQFURVVRYHUDQGPXWDWLRQKDYHWREHH[HFXWHG>@7KH
SURFHGXUHRIWKHSRSXODWLRQJHQHUDWLRQFRQWLQXHVXQWLODWHUPLQDWLRQFULWHULRQLVVDWLVILHGZKHUHRSWLPXPJDLQVDUH
GHWHUPLQHG7KLVSURFHGXUHLVGHVFULEHGLQIORZFKDUWLQ)LJ
,QYHVWLJDWHG7UDFNHU6\VWHP
3.1. PV Mathematical Model 
7KH VLQJOH GLRGH PRGHO LV WKH PRVW FRPPRQO\XVHG LQ SRZHU HOHFWURQLFV VWXGLHV GXH WR LWV SDUDPHWHUL]DWLRQ
GHSHQGVRQO\RQSURYLGHGLQIRUPDWLRQE\GDWDVKHHW>@7KLVPRGHOFRQVLVWVRIDFXUUHQWVRXUFHDGLRGHDQGVHULHV
DQGSDUDOOHOUHVLVWDQFHV7KHFKDUDFWHULVWLFVRID39PRGXOHFDQEHJRWWHQIURPWKHQG.LUFKKRIIODZDVLQ(T>@
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ZKHUHVDQGIDUHWKHYROWDJHDQGFXUUHQWRIWKH39PRGXOHUHVSHFWLYHO\nsLVWKHQXPEHURIVHULHVFRQQHFWHGFHOOV
LQWKHPRGXOHIphDQG IoDUHWKHSKRWRJHQHUDWHGFXUUHQWDQGWKHGDUNVDWXUDWLRQFXUUHQW Vt LVWKHMXQFWLRQWKHUPDO
YROWDJH Rs DQG Rsh DUH WKH VHULHV DQG VKXQW UHVLVWDQFHV 7KH PRGHO UHSUHVHQWHG E\ (T  KDV ILYH XQNQRZQ
SDUDPHWHUVIphIoVtRs DQGRsh7KHREMHFWLYHLVWRHVWLPDWHWKHVHXQNQRZQSDUDPHWHUVXQGHU67&IURPWKHGDWD
VKHHW SURYLGHG E\ WKH PDQXIDFWXUHU 39 GDWDVKHHW SURYLGHV RQO\ IRXU LQIRUPDWLRQ DERXW LWV RXWSXW HOHFWULFDO
FKDUDFWHULVWLFVDW67&ZKLFKDUHVKRUWFLUFXLWFXUUHQWIscRSHQFLUFXLWYROWDJHVocRSHUDWLQJYROWDJHDQGFXUUHQWDW
033VmImDQGns7KUHHHTXDWLRQVDUHREWDLQHGE\VXEVWLWXWLQJWKHVHLQIRUPDWLRQLQ(T7KHIRXUWKHTXDWLRQLV
REWDLQHGDW033ZKHUHdP/dVLVHTXDOWR]HUR7KHQWKHILIWKHTXDWLRQLVJRWWHQE\DSSUR[LPDWLQJWKDWRshHTXDOVWR
LQYHUVHRIWKHVORSHdI/dVDWIsc6ROYLQJWKHVHILYHIRUPXODWHGHTXDWLRQVGHWHUPLQHVWKHXQNQRZQSDUDPHWHUVRI
WKH39PRGXOHDW67&$IWHUWKDWWKHLQIOXHQFHRIWHPSHUDWXUHDQGUDGLDWLRQLVH[SUHVVHGE\(TV±>@
3.2. Boost Mathematical Model 
7RH[WUDFWPD[LPXPSRZHUDERRVWFRQYHUWHU LVFRQQHFWHGEHWZHHQ WKH39PRGXOHDQG WKH ORDGUHVLVWRUDQG
GXW\UDWLRRIWKLVFRQYHUWHULVXVHGWRPRGLI\WKHHTXLYDOHQWORDGUHVLVWDQFHDVVHHQE\WKHVRXUFHVRWKDWPD[LPXP
SRZHU LV WUDQVIHUUHG EHWZHHQ 39PRGXOH DQG ORDG GHPDQG 7KH ERRVW FRQYHUWHU FRQWDLQV WZR HOHFWULFDO VWRUDJH
HOHPHQWV LQGXFWRU/DQGFDSDFLWRU&7KHUHIRUH WZRJRYHUQLQJHTXDWLRQVH[SUHVVLQJ WKH LQGXFWRU FXUUHQW il DQG
FDSDFLWRUYROWDJHvCDUHZULWWHQDV>@


            
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

ZKHUHvmDQGvdDUHVZLWFKDQGGLRGHIRUZDUGYROWDJHVViLVWKHDGMXVWDEOHLQSXWYROWDJHWRWKHFRQYHUWHU
3.3. PI Controller  
7KH 3, FRQWUROOHU JDLQVKp DQGKi GHWHUPLQH WKH SHUIRUPDQFH RI WKH FRQWUROOHUKp GHFUHDVHV ULVH WLPH RI WKH
PRGXOHRXWSXWYROWDJHVPVLQFUHDVHVRYHUVKRRWRIVPVDQGUHGXFHVVWHDG\VWDWHHUURU¨VDQGKiGHFUHDVHVULVHWLPH
RIVPVLQFUHDVHVRYHUVKRRWDQGVHWWOLQJWLPHRIVPVDQGHOLPLQDWHVVWHDG\VWDWHHUURU¨V
5HVXOWVDQG'LVFXVVLRQ
7R YHULI\ WKH SHUIRUPDQFH RI WKH SURSRVHG V\VWHP XVLQJ UHVLVWLYH ORDG 5   : 7KH WUDFNHU XQGHU VWXG\
LQFOXGHV39PRGXOH%306;ERRVWFRQYHUWHUDQG3,FRQWUROOHU7KHPRGXOH¶VVSHFLILFDWLRQVDUH WDEXODWHG LQ
7DEOH>@7KHSDUDPHWHUVRIWKHERRVWFRQYHUWHUDUHJURXSHGLQ7DEOH7KHSURSRVHG39PDWKHPDWLFDOPRGHOLV
YDOLGDWHGE\SRZHU V\VWHP VLPXODWRU 36,0EDVHG39PRGHO7KHPD[GHYLDWLRQGRHV QRW H[FHHG7KH
HOHFWULFDO FKDUDFWHULVWLFVRI WKH39PRGXOHDUHGHPRQVWUDWHGE\ ,±9FXUYHV LQ)LJV DQG7KH UDGLDWLRQDQG
WHPSHUDWXUH LQIOXHQFH WKHPRGXOH ,±9FKDUDFWHULVWLFVDVVKRZQ LQ)LJVDQG UHVSHFWLYHO\)LJVKRZV WKDW
ERWKWKHVKRUWFLUFXLWFXUUHQWDQGWKHRSHQFLUFXLWYROWDJHLQFUHDVHZLWKWKHLQFUHDVHRIWKHUDGLDWLRQOHYHO
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7DEOH.H\VSHFLILFDWLRQRI%306;PRGXOH7DEOH.H\VSHFLILFDWLRQRI%RRVW&RQYHUWHU
3DUDPHWHU 9DULDEOH 9DOXH
0D[LPXPSRZHU Pm :
9ROWDJHDW3P Vm 9
&XUUHQWDW3P Im $
6KRUWFLUFXLWFXUUHQW Isc $
2SHQFLUFXLWYROWDJH Voc 9
7HPSHUDWXUHFRHIILFLHQWRI
,VF
ki 
7HPSHUDWXUHFRHIILFLHQWRI
9RF
kv 
1RRIFHOOVLQVHULHV ns 
6HULHVUHVLVWDQFHV Rs RKP
6KXQWUHVLVWDQFHV Rsh RKP
-XQFWLRQWKHUPDOYROWDJH Vt 9
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)LJXUH*$VWHSVIORZFKDUW)LJXUH,±9&XUYHV5DGLDWLRQ(IIHFW:P)LJXUH,±9&XUYHV7HPSHUDWXUH(IIHFWRF

)LJ  VKRZV WKDW WKH RSHQ FLUFXLW YROWDJH GHFUHDVHV DQG WKH VKRUW FLUFXLW FXUUHQW LQFUHDVHV PDUJLQDOO\ ZLWK WKH
LQFUHDVHRIWKHRSHUDWLQJWHPSHUDWXUH
)RUWKH*$WKHLQLWLDOSRSXODWLRQRIJDLQVDQGQXPEHURIJHQHUDWLRQVZHUHVHOHFWHGDQGUHVSHFWLYHO\7KH
WHUPLQDWLRQFULWHULRQZDVVHOHFWHGWRWHUPLQDWHWKHQHZJHQHUDWLRQSURFHVVDWJHQHUDWLRQV7KHVFDOLQJIXQFWLRQ
ZDV VHOHFWHG UDQN VHOHFWLRQ IXQFWLRQZDV VWRFKDVWLF XQLIRUPPXWDWLRQ IXQFWLRQZDV XQLIRUPZLWK UDWH  DQG
FURVVRYHUIXQFWLRQZDVVFDWWHUHG7KHGHWHUPLQDWLRQRIWKHJDLQVRIWKH3,FRQWUROOHUE\WKH7$(SURYLGHV.SDQG.L
YDOXHVRIDQGDJDLQVWDQGREWDLQHGE\WKH*$
)LJXUHVKRZVWKHWHPSRUDOYDULDWLRQRIPPVZKHUHWKHWHPSHUDWXUHDW67&DQGUDGLDWLRQLQFUHDVHVIURPWR
:PZLWKUDWH:PSHUVHFRQG7KH7$(LVDVROXWLRQRULHQWHGDV LW LVJHQHUDOO\DQDWWHPSW WRILQGD
VROXWLRQQRWDOOVROXWLRQVDQGQRWWKHEHVWVROXWLRQ7KHUHIRUHLWSURYLGHVLQDFFXUDWHJDLQVWKDWUHVXOWVODUJHVHWWOLQJ
WLPHPVDJDLQVWPVRQXVLQJ*$)LJDQGFRQVXPHVPRUHKXPDQHIIRUW LQGHWHUPLQDWLRQSURFHVVRI WKH
JDLQV)LJVKRZVWKDWWKHRXWSXWSRZHURIWKHPRGXOHPPVDVVXPHVKLJKHUYDOXHVRQXVLQJ*$LQFRPSDULVRQZLWK
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)LJXUH7HPSRUDO9DULDWLRQRIPPVDW7 RFDQG* :PZLWKUDWH:PSHUVHFRQG
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
)LJXUH6WHDG\6WDWHPPVYV5DGLDWLRQIRUERWK7$(DQG*$)LJXUHȘMPPTYV5DGLDWLRQIRUERWK7$(DQG*$

7KHODWHUZDVH[SUHVVHGEHIRUH>@DVLQ(T7KHQXPHUDWRULVWKHFRPSXWHGRXWSXWSRZHUEDVHGRQWKH&9
WHFKQLTXH 7KH GHQRPLQDWRU LV WKH PD[LPXP RXWSXW SRZHU FRPSXWHG XVLQJ WKH PRGXOH GDWDVKHHW DIWHU EHLQJ
FRUUHFWHG DFFRUGLQJ WR WKH VRODU UDGLDWLRQ DQG WHPSHUDWXUH )LJ  VKRZV HQKDQFHPHQW RI ȘMPPT RQ XVLQJ *$
FRPSDUHGZLWK7$(
&RQFOXVLRQV
 7KLV VWXG\ SURSRVHG D SHUIRUPDQFH HQKDQFHPHQW RI WKH &9 WHFKQLTXH E\ LQWURGXFLQJ *$ DV D
GHWHUPLQDWLRQPHWKRGIRUWKH3,FRQWUROOHUJDLQV
 7KHSURSRVHG*$EDVHGGHWHUPLQDWLRQPHWKRGVKRZHGDQLQFUHDVHRIWKHRXWSXWSRZHUDQGDGHFUHDVHRI
WKHVHWWOLQJWLPHZKHQFRPSDUHGZLWKWKRVHREWDLQHGE\WKHXVHRI7$(
 7KHSURSRVHG*$EDVHGGHWHUPLQDWLRQPHWKRGVKRZHGDQLQFUHDVHRIWKH0337HIILFLHQF\ZKHQFRPSDUHG
ZLWKWKHXVHRI7$(
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